Abstract: Insurgency in Nigeria is becoming an order of day, especially in the north-east and the
I. Introduction
Insurgency in Nigeria is becoming persistent, with insurgents taking advantage of some of Nigeria's most inaccessible terrain landscape such as the Lake Chad Basin to move around, bivouac and launch offensive campaigns. These insurgents include Boko Haram (BH) in the North East and more recently the so called Niger Delta Avengers operating in the creeks of the Niger Delta in Southern Nigeria. Since 2009 Nigeria, has had several terrorist attacks which have claimed the lives of more than 20,000 people, and left over 2.5 million people homeless (UN-OCHA, 2016). The Nigerian government through the military and paramilitary forces has been trying to put an end to this National Security threat. However, the regions inhabited by the insurgents are quite remote. The Lake Chad Basin on the Nigerian side is under populated in many areas. For example, Mobbar LGA which was once captured by Boko Haram (BH) has never had a constructed tarred road leading to any of its surrounding LGAs. So also is Marte Local Government, an area heavily infested with BH had a population density of 35 persons/km 2 and a population of 129,370 at the 2006 before the rise of insurgency (National Population Commission, 2006). There were no motor-able roads leading from Dikwa LGA to Marte LGA. The only road linking Dikwa to Marte was built in the 1970s and it had fallen into disuse from potholes and large tracts where the bitumen has disappeared. In many of the local government, during the rainy season, the motorable dirt roads become impassable because the clay content of the saturated soil makes vehicle tyres to lose traction while foot traffic can only move slowly.
Because of the remoteness of these regions, it becomes incumbent on the Nigerian military to use satellite data to identify and track the presence of insurgents. One of the ways of doing this is to determine the level of remoteness of these areas through trafficability analysis so that the military logistics can be more effective.
There have been many analyses performed on a GIS platform to assist counter terrorism operations. For instance, Sadiya et. al (2016) carried out a research on spatial terrain visualization for battlefields in northeastern Nigeria where satellite images, insitu data, previous knowledge (i.e. ground-truth) of the study area and digital elevation model (DEM) were used to analyze the terrain characteristics and determine suitable locations for concealment and/or cover index in the battlefield.
There are publications on the use of GIS softwares and qualitative spatial reasoning to determine off-road terrain trafficability index in the form of GO, GO-SLOW and NO-GO areas (Donlon and Fobus, 1999; Mersiovsky, 1998; U.S. Army, 1961; Shoop 1993; Slocum, 2003) .
II. Study Area
The study area is located in North-Eastern Nigeria consisting of three states namely Adamawa, Borno and Yobe bounded by coordinates of 10 ᵒ 0′0″E to 14 ᵒ 0′0″E and 6 ᵒ 0′0″ to 14 ᵒ 0′0″N. it also shares a border with Cameroon, Niger and Chad, its elevation lowest is 130m Above Sea Level (ASL) while the highest is Adamawa Plateau or Vogel Peak bordering Cameroon at 1500m (ASL) (Imaah, 2008 and Sadiya et al., 2016) .
Generally the geology of northeastern region consists of three major groups of rocks; Precambrian Basement Complex, Cretaceous Sediments and Tertiary/Quaternary volcanic rocks of the Biu Plateau (Carter et al., 1963) . The Basement Complex rocks are grouped into two; the magmatite-gnesis complex and the older granites. The Southern and Eastern part of the area is predominantly hilly and characterized by mountains, plateau, ridges, escarpment and related features, the geology which is underlying by the basement complex (Udo, 1970) . The landscape developed on the young sedimentary rock on the Chad formation.
The area features a variety of fluvial and Aeolian like fossil sand dunes, beach ridges, and interdunes ridges depression (Thiemeyer, 1992) . Detail vegetation characteristic of this region is explained in Sadiya et. 2016. 
III. Methodology

Data and preprocessing
NigeriaSat-X data of July, 2011 and July, NigeriaSat-2 scenes of 2014, waterbody, communication line (transportation), and settlement shapefiles were obtained from National Space Research and Development Agency (NASRDA), surface material (soil) data from Ministry of Agriculture was obtained, shuttle Radar Topography Mission (SRTM) 90m were obtained from USGS. All data were projected to UTM Zone 32N while NigeriaSat-X, NigeriaSat-2 images and SRTM. In addition, contours were extracted from SRTM and a digital elevation model (DEM) was created from it and displayed in 3D (Fig 9) . Current extent of forest reserves were digitized from NigeriaSat-2 images while NigeriaSat-X scenes were classified using objected-oriented classification method (Fig. 4) (Sadiya et. al, 2016); Floodplain extent data of 2012 were extracted from MODIS image of September, 2012. Soil and flood vector data were converted to raster. All data were resampled to 22m respectively and re-classed into five classes numbering 1 to 5 (where 1 represents slowest and 5 represents fastest trafficability locations).
Algorithms were either adapted or developed (see appendix II) and table 1 for criteria of class selection used in developing the trafficability ratings for the North-east. Fig. 3 represents stages taken to arrive at the result.
Elevation data obtained from SRTM was reclassified into five classes ( Fig. 3c ) with 1 representing least trafficable (NO-GO) areas at 1569m (ASL) while 5 represent highly trafficable (GO) areas at 315m (ASL). Secondly, Flood data was extracted from MODIS scenes produced in 2012 to capture the Lagdo dam break from Cameroon. The dam break in September, 2012 resulted in flooding several states in Nigeria including Borno and Adamawa state, thus, the floodplain was digitized and reclassed in to 1-to-5 classes representing lowest to highest flood risk areas respectively (Fig. 6c) . Thirdly, slope was calculated from DEM ( Fig. 5) to determine locations that are steep which are represented in red. This is because, the steeper the elevation the slower the trafficability. In addition, land use and land covers (Fig. 6b) classes were also merged into five classes (Table 1) according to their ability to allow or hinder movement. However, low pressure tires such as All-Terrain-Vehicle can navigate semi-arid soil, rocky, muddy and root covered terrain but could not traverse wooded trails, dirt road, hills and creeks (MMWR, 2008 and RM-TEREX, 2012 Weather in this region is neither friendly to the foe nor the friendly forces and visibility in the study area can change from several kilometers to few feet within a short period of time due to sand storm that plagued the area from February-to-October and December-to-June (Rayar, 1996; Middleton, 1985; Bankole et. al, 1994 & CBDA, 1986 ). This can hinder movement for either side except the side that has a night vision glasses or a good knowledge of the terrain (Lane, 1986; FM 90-3; 1993; Sadiya et al, 2016 , Rayar, 1996 Middleton, 1985; Bankole et. al, 1994 and CBDA, 1986) .
The five layers i.e. DEM, land use land cover, soil, hillshade and flood vulnerability data were all inserted into the weighted overlay model. The Weighted Overlay tool allows the calculation of a multiplecriteria analysis between several raster layers (ArcGIS 10.1, 2012). All overlay raster layers are weighted equally (in this case 1 to 5). An Overlay class is used to define the The result is affected if a layer is missing data or an important layer in the model. For instance, missing a soil layer will greatly affect the final result by reducing the accuracy since soil layer contains locations that are mashy/wetland which are important in delineating trafficability.
In this model, all overlays are weighted equally and missing data are represented in the result as NO DATA instead of giving any value that might affect the accuracy.
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IV. Result And Discussion
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Depending on their sizes and soil texture, sand dunes can hinder or slow trafficability of wheeled or foot soldiers. Fig. 7a and 7b shows locations of some sand dunes which are created due to winds that converge from two directions namely the northeasterly Harmattan winds that originate from the Sahara desert and the southwest monsoon flow that emanates from the Atlantic (Nichols, 2012 and DesertUSA, 2016). The dunes prevalent in the NigeriaSat-X images are Linear or slightly sinuous-shaped trending Northeast to Southwest, found in Hadejia-Jamaare and Lake-chad areas as indicated in the rectangular orange box in Fig.7a and 7b ; they are 12-30m high and 275-365m wide and as long as 800m to 12km long (Iloeje, 2001 and DesertUSA, 2016) while the dome-shaped dunes are found north of the Sahel region as indicated by the orange cycles in Fig. 7a  and 7b .
From Fig.7a , hillshade values 1, 2 and 3 (i.e. bright locations such as Gujba, Gwoza, madagali, dambuwa, Tarmuwa, Nangere, Jakusko, Mubi North, Mubi South, Bama, Michika, Ganye, Tunga etc.) indicate presence of high elevations from either hills/mountains or dunes (called key terrain) while values 4 and 5 are low elevation areas that can be seen from the top of 1, 2 and 3 respectively with 1 having the highest elevation. Nonetheless, the higher the elevation the steeper and the more difficult the climb (i.e. difficult trafficability) as shown by the slope values in Fig. 5 . All terrain analyzed maps were saved in a database for future use in different scenarios. Given the thematic layers above, this terrain visualization is design to aid an army terrain analyst or a rescue worker to produce several terrain intelligence maps such as digital elevation model (Fig. 9) depicting a near-real-life image of the study area showing locations of rivers, dams, lines of communication (transportation), forest-reserves and hills/mountains.
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The output of the weighted overlay is shown in Fig.12b where local government areas with their trafficability ratings and percentage coverage (Fig. 11) were mapped. NO-GO and SLOW-GO represent no trafficability covering 3.66% and slowest trafficability covering 16.1% of the study area respectively. The none trafficable areas (dark red) are mostly in the extreme east covering some part of Manguno, Mafa, Nganzai, Gambarun-Ngala, Kukawa, Marte, Dikwa, Kala-Balge, Bama, Kaga, Gwoza, Damaturu, Tarmuwa, Fune, Yola North, Yola south, Demsa, Toungo, Bade, Jakusko. SLOW-GO (light red) locations are extremely hard to traverse in the rainy season when the marshlands are wet and sticky ( Fig. 9a and 9b ) and the waterbodies full (i.e. June to September) or when Cameroon release water from Lagdo dam between August/September. In addition SLOW-GO also includes hills with an elevation of at least 600m (Fig. 6c) in high.
However, reverse is the case during the dry season when the ground is dry; it becomes hard and cracked as shown in fig. 10 . This makes trafficability of infantry and vehicle easy. DOI: 10.9790/0050-04013446 www.iosrjournals.org 41 | Page
In addition the Sahel savanna soil region experience only three months rain and is represented by SLOW-GO covering 45.2% of the study area (Fig. 12a) meaning it is moderately trafficable since it can be traversed with low pressure tired vehicle/armored tank/motor cycles and by foot. Meanwhile, GO areas in green colours are locations with no problem of trafficability and it covers 35.0% of the study area. Fig.12b shows some selected towns in the NO-GO and SLOW-GO areas. 
V. Conclusion
This research has proven that information about inaccessible terrain can be obtained from satellite/aerial images using GIS and remote sensing with relatively high accuracy. From the result of this research, a field commander can strategies on future operations by knowing which terrain can be accessed offroad without encountering problem and which terrain are not going to be easily accessible if at all before going into the field. In essence, the situation in Fig. 9a and 9b could have been avoided if the military, rescue workers and/or Civilian Joint Tax Force (JTF) has such trafficability suitability maps in their possession before going into the field.
VI. Recommendation
Gathered from videos, pictures and local interviews reveal that the Boko Haram sect have in their possession heavy duty vehicles and artillery (Fig. 1) , which means that such vehicles will have to travel on very particular soil with relatively low elevation to get to their various destinations for their operations. So it will be to the advantage of the Nigerian Armed Forces to know areas with such terrain characteristics that will be suitable for the insurgents to travel on.
